As optoacoustic tomography emerges as a mainstream preclinical imaging modality, understanding the relationship between optoacoustic and other imaging biomarkers in the context of the underlying tissue biology becomes vitally important. For example, assessment of blood haemoglobin concentration and oxygenation can be achieved using OT, and also by several magnetic resonance imaging (MRI)-based techniques. To evaluate the relationship between these metrics and the relative performance of the two modalities in assessment of haemoglobin physiology, co-registration of their output imaging data is required. Unfortunately, this poses a significant challenge due to differences in the data acquisition geometries. Here, we present an integrated framework for registration of OT and MR image data in small animals. Our framework combines a novel MR animal holder, to improve animal positioning for deformable tissues, and a landmark-based software co-registration algorithm. We demonstrate that our protocol significantly improves registration of both body and tumour contours between these modalities.
Introduction
co-registration algorithm. This is usually achieved in both patient and reported previously in the brain of small animals [13, 14] , however, being 31 contained within the skull, the brain is not subject to any deformation due 32 to external forces, making it a relatively simple organ to co-register.
33
Here, we present a new integrated framework for registration of MSOT 34 and MR image data in pre-clinical studies of small animals, which can be 35 applied to soft, deformable tissues such as tumours. The method combines 36 a novel animal holder design and a robust co-registration algorithm. We 37 first describe the method and show its performance for co-localization of 38 the internal tumour structure between the modalities. We then demonstrate Mice were prepared according to our standard operating procedure [15] .
69
Each mouse was anaesthetised using <3% isoflurane and moved into a custom 
126
The remaining 5 animals (2 PC3 tumour bearing and 3 K8484 tumour 
303
Despite the clear improvements in image co-registration achieved, there 304 remain some limitations to our study. Firstly, the described two-step hardware 305 and software framework is designed to aid with 2D co-registration, which 
